Two distinct phases and mechanisms of axonal growth shown by primary vestibular fibres in the brain, demonstrated by parvalbumin immunohistochemistry.
Antibodies to parvalbumin label intensely a small number of non-overlapping fibre systems in embryonic rat brain. All are in hindbrain--the oculomotor and trochlear motor fibres, the acoustic and vestibular fibres of the VIIIth nerve, and an unidentified group of fibres which ascend under the dorsal surface in caudal medulla. Of these, the vestibular fibres are the first to acquire parvalbumin immunoreactivity, and we have used this property to follow the growth of their axons in the brain. This occurs in two phases. In the first, occurring at embryonic days 12-14, the axons grow in small groups or fascicles under the pial surface to their most distant terminal zones rostrally in the cerebellum and caudally in the descending vestibular nuclei. This growth is directed towards the two sites where germinal neuroepithelium is expanding over the medullary velum in forming the cerebellum and lateral recess of the IVth ventricle. In a second stage, commencing at E15, individual collaterals branch from these fascicles to arborize amongst their presumptive synaptic targets (cells of the vestibular nuclei and vestibulocerebellum) located in the sub-ventricular and ventricular layers. In this phase the axons follow a radial route, at right angles to their original subpial course, possibly by growing along radial glial processes. The target cells then migrate to their final position with the vestibular axons maintaining contact with them. The vestibular fibres are the first axons to enter the cerebellum, but from E15 onwards their fascicles are joined by increasing numbers of non-vestibular fibres following the same course. These other axons, and the movement of cells to form the deep cerebellar nuclei, separate the fascicles of vestibular fibres so that their course into the cerebellum becomes very diffuse. Thus this single set of axons grow, not only in two distinct phases, but also follow distinctly different substrates for growth in each. Furthermore, they then appear to act as pioneer fibres guiding the entry or egress of later-developing axons to or from the cerebellum.